We estimate the spatial densities of different types of neutron star near the Sun. It is shown that the distances of dim isolated thermal neutron stars must be on average about 300-400 pc. The combined birth rate of these sources together with radio pulsars and dim radio quiet neutron stars can be a little more than the supernova rate as some of the dim isolated thermal neutron stars can be formed from dim radio quiet neutron stars and radio pulsars. Some of these sources must have relations with anomalous X-ray pulsars and soft gamma repeaters. In order to understand the locations of different types of neutron star on the P-Ṗ diagram it is also necessary to take into
Introduction
Existence of single neutron stars with different physical properties is very well known. But the amount of data about different types of neutron star except radio pulsars is small. Actually, the change in the beaming factor together with the value of and the change in the angle between the magnetic field and the rotation axes are not well known. It is also not clear how the relation between the characteristic time (τ ) and the real age changes in time. Therefore, the birth rate, initial periods and values of the real magnetic field are not known well. So, it is difficult to understand what the evolutionary tracks of pulsars on the P-Ṗ diagram must be and where these tracks end. As there are not many available observational data for the other types of neutron star and since they show some exotic phenomena such as γ-ray bursts, it is difficult to understand their nature. Below, we analyse birth rates of different types of neutron star, their locations on the P-Ṗ diagram and possible evolutions of these objects.
2 Analysis of the data about the birth rates of DITNSs and supernova rate around the Sun According to Yakovlev et al. (2002) and Kaminker et al. (2002) neutron stars cool down to T=4.6×10 5 K (or kT=40 eV) in t≤10 6 yr. According to Haberl (2003, and references therein) , there are 7 X-ray dim isolated thermal neutron stars (DITNSs) located within 120 pc around the Sun and only one DITNS, namely RX J1836.2+5925, is located at a distance of 400 pc. All of these 8 radio-quiet objects have T>4.6×10 5 K. On the other hand, there are only 5 radio pulsars with characteristic times smaller than 10 7 yr in the cylindrical volume around the Sun with a radius of 400 pc and height 2|z|=400 pc, where |z| is the distance from the Galactic plane. Among these 5 pulsars, Vela has τ ∼10 4 yr and the other 4 pulsars have 3×10 6 <τ <5×10 6 yr. The real ages of 1-2 of these 4 radio pulsars may be smaller than 10 6 yr. We have included Geminga pulsar (B0633+1748) in Table 1 to compare it with different types of neutron star, since this pulsar has properties in between the properties of DITNSs and of young radio pulsars.
In order to make a reliable estimation of the number density of the sources in each considered volume, it is necessary to consider how these objects move in the Galaxy. Practically, for pulsars with such ages the space velocity must not decrease in the gravitational field of the Galaxy. In order to demonstrate this in a simple and reliable way, we can use the observational data about the scale height and the average peculiar velocity of old stars near the Sun.
The average values of |z| and |V z | for population II stars which belong to the old disk, the intermediate and the halo are, respectively, 400 pc and 16 km/s, 700 pc and 25 km/s, and 2000 pc and 75 km/s (Allen 1991) . Ages of these stars are close to 10 10 years. They are in dynamical equilibrium and their ages are large enough to make many oscillations in the gravitational field of the Galaxy.
Let us consider, in the first approximation, their oscillations in a homogeneous field in the direction perpendicular to the Galactic plane. In this case
and the period of oscillation is
where A is a constant which is related to the gravitational field intensity near the Sun. If we use the average values of |z| and |V z | for different subgroups of population II stars as written above, then we find values of A very close to each other showing the reliability of the approximation. Therefore, we can adopt a value of A=5.2×10 −5 cm 1/2 s −1 , which is the average value for the 3 subclasses of population II objects, for all objects located up to about 2000 pc away from the Galactic plane and we can also use this value for pulsars. If we put the average value of |V z |=170-200 km/s for pulsars in eqn.
(1), then we find T=(1.2-1.7)×10 9 yr. As we see the age values of young radio pulsars are very small compared to the average period of pulsar oscillation. So, we can adopt that pulsars with ages 10 6 -10 7 yr move practically with constant velocity which they gain at birth.
Since the progenitors of neutron stars have scale height of about 60 pc, most of the neutron stars are born close to the Galactic plane. Therefore, they can go 200 pc away from the plane in about 10 6 yr. As the Sun is located very close to the Galactic plane, considering the value of z of the Sun in the analysis does not change the results and so can be neglected.
There are 23 supernova remnants (SNRs) within about 3.2 kpc around the Sun with surface brightness >10 −21 Wm −2 Hz −1 sr −1 and the ages of these SNRs are not greater than (3-4)×10
4 yr (Green 2001; Ankay et al. 2003) . So, the number of neutron stars which were born in the last 10 6 yr within the region of 400 pc around the Sun must be about 11. Only 2 or 3 of these 11 neutron stars can go more than 200 pc away from the Galactic plane. Therefore, the considered region may contain about 8-9 neutron stars. But the birth rate of radio pulsars is up to 3-4 times smaller than the supernova explosion rate in our galaxy (Ankay et al. 2003) . So, we can expect only 3 radio pulsars with an age up to 10 6 yr located in this region and this is in accordance with the data mentioned above.
According to (see also the references therein), surface temperatures of DITNSs are 40-95 eV and their ages must not be more than 10 6 yr Yakovlev et al. 2002) as they are in the cooling stage. Guseinov et al. (2003a) include most of these sources (for which there exist considerably more information) in the list of isolated radio quiet neutron stars which were observed in X-ray band. We have included in Table 1 only a few very important data taken from the tables given in Guseinov et al. (2003a) together with some new data. In some cases, the distance values of DITNSs are about 2-3 times larger than the ones given in and in some other papers (see also the references in Guseinov et al. 2003a and . Is it acceptable to adopt such smaller values of distance as given by for these objects?
The statistics about the SNRs and the radio pulsars in the considered region are very poor, but the number density of DITNSs for the case of small distances is very large so that there exists a contradiction. If the data about the distances and ages of DITNSs were reliable, then their birth rate would turn out to be about 4 times more than the supernova explosion rate.
Since the measured space velocities of all types of neutron star are very large compared to the space velocities of O and B-type stars, there is no doubt about the origin of neutron star formation which is due to the collapse of the progenitor star together with supernova explosion. For example, RX J0720.4-3125 at a distance of 200 pc (which may actually be ∼300 pc) has a tangential velocity of about 100 km/s calculated from the proper motion µ=97±12 mas/yr . PSR J0538+2817 has proper motion µ=67 mas/yr and has a transverse velocity in the interval 255-645 km/s at a distance of 1.2 kpc (Kramer et al. 2003) . Therefore, the birth rate of neutron stars can not exceed the rate of supernova explosion. How can we explain the contradiction between the neutron star birth rate and the supernova explosion rate? Note that Haberl (2003) does not assume all the DITNSs to be only cooling neutron stars but also discusses other possibilities, for example the accretion from interstellar gas. But as a rule, today the cooling origin of the X-ray radiation is considered and this is reliable . In order to solve the problem about the difference in the birth rates it is necessary to adopt either larger distance values or longer lifetimes for DITNSs.
The distances of DITNSs
Since the theory of cooling of neutron stars has been well developed and all the DITNSs have T>4.6×10 5 K, we can say that these neutron stars have ages less than 10 6 yr (Pavlov et al. 2002a,b; Kaplan et al. 2003a,b; Pavlov & Zavlin 2003; Yakovlev et al. 2003) . As the ages of these objects are small, their number density must be small. Therefore, it is better to adopt larger values of distance for these neutron stars.
Before beginning to discuss how to adopt distance values, it is necessary to analyse the data of DITNSs. These data vary a lot from one observation to another. The most recent data about DITNSs are given in and Guseinov et al. (2003a) .
For all DITNSs there exist data about their temperatures and it is known that they have approximately blackbody radiation . In this work, we have used the temperature values given in Pavlov et al. (2002b) and which are more in accordance with the other data that they are more reliable.
The cooling curves of neutron stars, which are obtained from the fit of the data of different pulsars on the surface temperature versus age diagram, are given in various articles (see for example Yakovlev et al. 2002) . Since the general form of the cooling curves given by different authors is approximately the same in all the works, we will use the data given in Yakovlev et al. (2002) .
DITNS RX J1605.3+3249 ) is located in a region of sky (l=53 o , b=48 o ) where it is easier to determine the temperature with small uncertainty. There are 2 different distance estimations for this source, 0.1 kpc and 0.3 kpc ). We may adopt reliable distance values for any source which has a spectrum close to the blackbody using luminosity values. The temperatures of DITNS RX J1605.3+3249 and of radio pulsars J1057-5226 and J0659+1414 which have similar soft X-ray spectrums are 0.092, 0.070 and ≤0.092 keV, respectively . Therefore, the luminosity of RX J1605.3+3249 must not be smaller than the luminosity of these radio pulsars (Becker & Aschenbach 2002; Guseinov et al. 2003b ), i.e. it must not be less than about 10 33 erg/s. The luminosity of RX J1605.3+3249 at 0.1 kpc is 1.1×10 31 erg/s , so that, its luminosity at 0.3 kpc must be about 10 32 erg/s. On the other hand, Geminga pulsar (B0633+17), which has temperature of about 0.045 keV, has L x =1.05×10 31 erg/s in 0.1-2.4 keV band (Becker & Trumper 1997) . This also suggests to adopt a larger L x value for RX J1605.3+3249. So, we can adopt a distance value of 0.3 kpc or even a larger value which is more reliable.
Following the same path, we can adopt distance values for other DITNSs; the distances of J0420.0-5022, J0720.4-3125, J0806.4-4123, J1308.8+2127, and J214303.7+065419 must be about 3-4 times larger than the distance values given in . All the new distance values and other reliable data are represented in Table 1. 4 Where must DITNSs be located on the P-P diagram?
There are 6 single radio pulsars (J1952+3252, J0659+1414, J0117+5914, J1057-5226, J0358+5413 and J0538+2817) with characteristic times in the range 10 5 -6×10 5 yr from which X-ray radiation has been observed (Becker & Aschenbach 2002; Possenti et al. 2002) . These pulsars are located up to 2 kpc from the Sun. The luminosities of these radio pulsars are in the range 10 31 -5×10 33 erg/s (Guseinov et al. 2003b ). There are also 3 radio pul-sars (J0826+2637, J0953+0755 and J1932+1059) with characteristic times 3×10 6 <τ <2×10 7 yr (it is necessary to remember that value of τ may considerably exceed the real age value). The distances of these 3 radio pulsars are less than 400 pc and their luminosities are <10 30 erg/s (Possenti et al. 2002) .
As seen from Table 2 , the X-ray luminosities of all the 8 DITNSs and Geminga are in the interval 10 30 -1.7×10 32 erg/s. Among these sources, Geminga has the lowest luminosity (T ef f value of Geminga is also very small, see Table 1 ) and the τ value of Geminga is 3.5×10
5 yr. Taking these data into consideration, the ages of DITNSs can be adopted as 10 5 -10 6 yr in accordance with the age values calculated from the cooling models. Moreover, these sources are nearby objects and there is not any pulsar wind nebula around them nor any SNR to which they are connected; this also shows that the ages of these objects must be greater than 10 5 yr. On the other hand, pulsar wind nebula is present around the neutron stars with the rate of rotational energy lossĖ>5×10 35 erg/s and with L x (2-10 keV)>5×10 32 erg/s (Guseinov et al. 2003b ). Naturally, it may be possible to observe pulsars with smaller values ofĖ and L x (2-10 keV) which are located closer to the Sun. Taking these facts into account, we can assume thatĖ values of DITNSs must be less than about 3×10 35 erg/s (constantĖ=3×10 35 erg/s line is shown on the P-Ṗ diagram, see Figure 1 ).
It is well known that the difference between τ and the real age can be significant for very young pulsars (Lyne & Graham-Smith 1998) . On the other hand, for single-born old pulsars τ must be approximately equal to the real age if the evolution takes place under the condition B=constant. But none of the DITNSs is connected to a SNR, so that, DITNSs must be located in the belt between τ =3×10 4 yr and τ =10 6 yr lines on the P-Ṗ diagram if the condition B=constant is satisfied.
For 5 of the 9 DITNSs (including Geminga) represented in Table 1 , the spin periods (P) have been measured. Four of these objects have spin periods greater than 8 s and Geminga pulsar has P=0.237 s. As known, the period values of anomalous X-ray pulsars (AXPs) and soft gamma repeaters (SGRs) are greater than 5 s (see for example Mereghetti 2001; Guseinov et al. 2003a and the references therein). The small value ofṖ=5.4×10 −13 s/s belongs to AXP 1E2259+586 which has P=6.98 s. Therefore, all single neutron stars with P>10 s must be related to AXPs and SGRs. The P=10 s line is displayed in Figure 1 to show the two separate regions in which DITNSs can be located.
The DITNSs with τ <10
6 yr may have values of P>10 s (see Table 1 ) and this is possible if the values ofṖ are very large. Therefore, these objects may be the evolutionary continuations of SGRs and AXPs. Naturally, their birth rates should be in agreement with each other for this assumption to be true.
The locations of pulsars Geminga, RX J0720.4-3125 and RX J1308.8+2127 on the P-Ṗ diagram are shown in Figure 1 . From the position of Geminga pulsar it is seen that this pulsar evolves similar to the radio pulsars with B=10 12 -10 13 G. The position of pulsar RX J0720.4-3125 is not within our chosen interval of τ =10 4 -10 6 yr, but as this pulsar has a high value of kT ef f (see Table 1 ) its real age (according to the cooling models) must be smaller than its τ value. So, there may be magnetic field decay or some other reason for this pulsar (i.e. n>3, where n is the braking index). Pulsar RX J1308.8+2127 is located in the SGR/AXP region on the P-Ṗ diagram so that this pulsar seems to have a relation with the SGR/AXP class of neutron stars. Pulsars RX J0806.4-4123 and RX J0420.0-5022 with ages <10 
Birth rates of different types of neutron star near the Sun
In section 2, we have mentioned that the birth rate for all the types of neutron star, in other words the supernova rate, must be about 11 in 10 6 yr in the region up to 400 pc from the Sun. In the same region, the birth rate of radio pulsars can be about 3-4 in 10 6 yr. In Figure 1 , we have plotted all the 9 radio pulsars with τ ≤4×10 4 yr which are connected to SNRs and located at distances up to 3.5 kpc (Guseinov et al. 2003c ). There are also 2 other radio pulsars, J1048-5832 and J1837-0604, in this region with such values of τ but without any connection with SNRs (Guseinov et al. 2003b) . From these data it follows that the birth rate of radio pulsars is 3.6 in 10 6 yr in the region up to 400 pc. It is necessary to take into consideration that for such young radio pulsars the beaming factor is close to 1 and the influence of the luminosity function on the estimations is small. Note that the searches of pulsars near the Sun in the central regions of SNR shells and the searches of pulsar wind nebulae are considerably better than the searches of pulsars under the surveys. Also note that in some cases pulsars have been found after observing point X-ray sources in the central parts of SNRs. Therefore, we can adopt that the birth rate in the region up to 400 pc from the Sun is about 3-4 radio pulsars in 10 6 yr. It is necessary to take into account that in the region with distance up to 3.5 kpc from the Sun, there are also 6 dim radio quiet neutron stars (DRQNSs) which are connected to SNRs (Table 1 ). The locations of 2 of these objects, 1E1207.4-5209 and RXJ0002+6246, are shown in Figure 1 . These objects have considerably large values of τ compared to the ages of the SNRs in which they are located, so that, they have different evolutionary tracks compared to other radio pulsars which are connected to SNRs. If we assume that all DRQNSs are also radio pulsars with 10 12 <B<10 14 G, then they must have low radio luminosities and/or the direction of their radio radiation does not pass through the line of sight. On the other hand, all of them may have large P and τ values and significantly different evolutionary tracks compared to other pulsars with the same magnetic field, because there exist some other important differences between DRQNSs and most of the radio pulsars. Practically, all the radio pulsars which are connected to SNRs and which have similar ages as DRQNSs have pulsar wind nebula (Guseinov et al. 2003b) . None of the DRQNSs has such property. Therefore, these DRQNSs haveĖ<3×10 35 erg/s. The positions of 1E1207.4-5209 and RX J0002+6246 on the P-Ṗ diagram require magnetic field decay or some additional ideas for the pulsar models (in Fig.1 the location of RX J0002+6246 has been found using the condition τ = age of the SNR). Therefore, the number of SNRs which contain ordinary and other types of pulsars with similar properties for d≤3.5 kpc is 17. By this approach, we give the upper limit for pulsar birth rate in the region up to 400 pc which is 5.5 in 10 6 yr. In section 3, we have adopted up to 3-4 times larger distance values for DITNSs and this gives us the possibility to estimate the birth rate of this type of neutron star as 9 in 10 6 yr in the same region with a radius of 400 pc. These sources have P>0.1 s,Ė<3×10 35 erg/s and, according to the cooling theories, ages between 3×10 4 -10 6 yr that they must be in later stages of the evolution of single neutron stars with initial magnetic field B>10 12 G (see the locations of these sources in Figure 1 ). But how can we explain such a large birth rate for these sources which is comparable with the supernova rate? First, note that the statistical data are poor. Second, the actual ages of the SNRs may be not up to 4×10
4 yr but up to 3×10 4 yr (see Table 1 ). On the other hand, the rate of supernova must be a little more if we take into account the SNRs which have low surface brightness during their evolution. In this case, the birth rate of DITNSs must roughly be equal to the birth rate of radio pulsars and DRQNSs together.
As seen from Figure 1 , there exist 5 single radio pulsars which have been detected in X-ray band and have 10 5 <τ <6×10 5 yr and 5×10 11 <B<1.1×10 12 G. They are located in the region up to 2 kpc from the Sun and 2 of them, J0659+1414 and J0538+2817, are most probably connected to S type SNRs (Kramer et al. 2003; Guseinov et al. 2003b and the references therein). If we also consider that 2 such pulsars may go far away from the Galactic plane that they can be missed in the surveys, the total number of the pulsars in the considered volume turns out to be 7. Therefore, the birth rate of this type of pulsar in the region with d≤400 pc is not more than 0.6 in 10 6 yr. From the estimations done in this section, we see that approximately 60% of the SNRs with surface brightness >10 −21 Wm −2 Hz −1 sr −1 are connected to normal pulsars and DRQNSs. The rate of birth for DITNSs is also approximately equal to 60% of the rate of supernova explosion. Therefore, the neutron stars with ages approximately <5×10 5 yr, which show themselves as radio pulsar or DRQNS in SNRs, may mainly transform to DITNSs.
The numbers of radio pulsars with effective values of magnetic field B≥10
13

G and B≥3×10
12 G which have τ <10 6 yr and d≤3.5 kpc are 5 and 32, respectively (ATNF pulsar catalogue 2003; Guseinov et al. 2002) . From these data, the birth rates of radio pulsars with B≥10 13 G and B≥3×10 12 G located up to 400 pc from the Sun must be considerably more than 0.06 and 0.4, respectively, in 10 6 yr, because the τ values may be several times larger than the real ages.
In the region up to 8 kpc from the Sun, there are 4 AXPs and one SGR and the ages of these objects must not be larger than 5×10
4 yr (Mereghetti 2001; Guseinov et al. 2003a) . Therefore, the birth rate of AXPs and SGRs in the considered cylindrical volume with the radius of 400 pc in 10 6 yr is not less than 0.15. This is about 60 times smaller than the supernova rate in the same volume and the time interval, but it approximately coincides with the birth rate of radio pulsars with effective value of B≥10 13 G. As seen from Figure 1 , only 3 pulsars, J1740-3015, J1918+1444 and J1913+0446 (in the order of increasing value of P), are located in the volume with a radius of 3.5 kpc and with τ ≤10 5 yr.
Discussion and Conclusions
It is known that, different types of neutron star which have different properties are born as a result of supernova explosion: radio pulsars, DRQNSs, DITNSs, AXPs and SGRs. There exist PWN and often SNR shell around very young single radio and X-ray pulsars which haveĖ>5×10 35 erg/s (Guseinov et al 2003b). There may exist only the shell around pulsars witḣ E<3×10 35 erg/s, DRQNSs and AXPs the ages of which are less than 10 5 yr. No shell nor PWN has been found around some of the very young pulsars (e.g. J1702-4310 and J1048-5832) and SGRs. Absence of the shell or PWN around DITNSs must be considered normal because they have considerably large ages.
In section 4, we have adopted ∼3-4 times larger distance values, compared to the values usually adopted , for most of the DITNSs and this gives the possibility to decrease their birth rate down to the sum of the birth rates of radio pulsars and DRQNSs. Birth rate of these 3 types of neutron star together is approximately equal to the rate of supernova. The combined birth rate of these 3 types of neutron star may be more than the supernova rate, because some of the DITNSs may be formed as a result of the evolution of DRQNSs and radio pulsars. Birth rate of AXPs and SGRs, which belong to the same class of objects, is about 60 times smaller than the supernova rate and it is about same as the birth rate of radio pulsars with effective values of B≥10 13 G. As seen from Table 1 , the period values of 4 DITNSs are very large, though their ages are smaller than 10 6 yr. From this situation, there arises a possibility of a relation between some of the DITNSs and AXPs/SGRs. Naturally, we must take into account the position of each DITNS on the P-Ṗ diagram to show the relation between some of these objects and AXPs/SGRs.
Existence of radio pulsars with n<3 and with real ages smaller than τ (for young pulsars) show that the condition B=constant is not satisfactory in all cases and this is well seen in Figure 1 . Most of the pulsars with 10 5 <τ <10 7 yr are not in the belt B=10 12 -10 13 G where most pulsars are born in; often, there occurs magnetic field decay. But the evolutions of AXPs/SGRs and some of the DITNSs according to the field decay approach (the magnetar model) lead to bimodality in the number of neutron stars versus the magnetic field distribution. On the other hand, the time scale of the magnetic field decay must be very short. This shows that the large effective B values of these objects and the shape of their evolutionary tracks must be related mainly to the masses of and the density distributions in the neutron stars and also to the activity of the neutron star. This is also necessary to understand the different positions of radio pulsars which are connected to SNRs and of DRQNSs on the P-Ṗ diagram despite the fact that they have similar ages. If the evolution under the condition B=constant were true, then they would be located along τ =constant belt, but not along the constant magnetic field belt.
We think that there is a possibility to get rid of these difficulties and to understand the large X-ray luminosities and also the bursts of AXPs/SGRs. It is necessary to assume the birth of neutron stars with masses about half of the maximum mass values found from the given equations of state and rotational moment. In principle, it must be easy to identify such smaller mass neutron stars as they are far away from hydrodynamical equilibrium. They must have an elipsoidal shape due to rotation and possibly they do not rotate as a rigid body. In this case, the young pulsar may especially demonstrate itself when the angle between the magnetic field and the rotation axes is close to 90
o . In such a case, a considerably larger effective value of magnetic field can be produced as compared to the real magnetic field. 
